Background: HTLV-I is associated with adult T-cell leukemia, and both HTLV-I and -II are associated with HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP). Several published reports suggest that HTLV-I may lead to decreased survival, but HTLV-II has not previously been associated with mortality.
Background
Human T-lymphotropic viruses-I and -II (HTLV-I and -II) are human retroviruses with worldwide distributions [1] . HTLV-I is endemic to southern Japan, to certain Melanesian peoples, and to Western and Equatorial Africa, the Caribbean and Brazil. HTLV-II is endemic to indigenous peoples throughout the Americas, as well as among injection drug users (IDU) in the U.S. and Europe. HTLV-I is known to be associated with adult T-cell leukemia, uveitis, arthropathy, and Sjögren Syndrome [1] . Both HTLV-I and -II are associated with HTLV-associated myelopathy (HAM, also known as tropical spastic paraparesis or TSP) [2] . In addition, HTLV-II has been associated with an increased incidence of pneumonia, bronchitis and urinary tract infection [3] [4] [5] .
Several investigators have reported an association between HTLV-I and decreased survival rates among certain unique populations; namely HTLV-I-infected leprosy patients in the Congo [6] , and survivors of the atomicbomb dropped on Nagasaki [7] . In addition, there have been a small number of reports of survival rates negatively impacted by HTLV-I and viral co-infections; in particular, hepatitis C (HCV)/HTLV-I dually infected persons in Miyazaki, Japan [8] . The majority of studies of HTLV-II infected populations have focused on HTLV-II/Human Immuno-deficiency Virus (HIV) coinfection, particularly among IDU, and have reported that HTLV-II has a minimal effect on survival [9] [10] [11] [12] . The impact of HTLV-I and -II on mortality in otherwise healthy persons such as blood donors has not been previously assessed.
Investigators with the HTLV Outcomes Study (HOST, formerly known as the Retrovirus Epidemiology Donor Study, or REDS HTLV Cohort) have performed a prospective evaluation of health outcomes in a large cohort of HTLV-I and HTLV-II infected subjects identified at the time of blood donation. For this analysis, our primary aim was to determine whether HTLV-I and -II are independently associated with an increase in mortality among infected blood donors, as compared with matched uninfected blood donors.
Results
HOST enrolled 154 HTLV-I, 387 HTLV-II, and 799 uninfected donors (total enrollment; 1340). For this analysis, subjects were excluded if their HTLV status could not be confirmed or if they failed to complete an initial interview and physical exam. The latter exclusion criterion insured that persons with pre-existing, clinically apparent conditions would not introduce bias. Mortality was ultimately assessed in 1255 subjects (94% of the cohort), including 138 HTLV-I infected subjects (10% excluded), 358 HTLV-II infected subjects (7% excluded), and 759 uninfected controls (5% excluded). The characteristics of the subjects at the baseline visits are given in Table 1 . Age and gender were similar among groups, but Black race was more common in the HTLV-I group. The HTLV-II group had lower educational achievement and income, as well as higher prevalence of cigarette smoking, alcohol intake, HCV seropositivity and lifetime IDU, (although only 1 percent admitted current IDU). Median follow-up time was 8.6 years, with a range of 1.1 to 11 years.
There were a total of 45 deaths in the cohort, including 8 (5.8%) HTLV-I, 19 (5.3%) HTLV-II and 18 (2.4%) HTLV seronegative subjects. Crude survival was lower in both the HTLV-I and HTLV-II groups than in the seronegative subjects ( Figure 1 ). HTLV-II infection conveyed a significant independent risk of death (unadjusted HR 2.8, 95%CI 1.5-5.5; adjusted HR 2.3, 95%CI 1.1-4.9), but we did not find a statistically significant association of HTLV-I with mortality (unadjusted HR 1.9, 95%CI 0.8-4.4; adjusted HR 1.9, 95%CI 0. 8-4.6) . No single cause of death appeared responsible for the HTLV-II excess mortality, but numbers in all categories were small ( Table 2) .
Four (9%, 3 HTLV-negative, 1 HTLV-I) of 45 deaths in the cohort were due to accidents or violence. Unadjusted and adjusted hazard ratios for HTLV were calculated both by censoring accidental and violent deaths, and by including them among all causes of mortality. No significant differences in hazard ratios for any included variable resulted, and these deaths are included among the total in the final adjusted model ( Table 3 ). Ten of the 45 deaths (22%) were of subjects whose donations were autologous (those who are donating for their own personal use, usually prior to a planned surgery). Half of these were HTLV seronegative subjects, two were HTLV-I infected, and three were HTLV-II infected. Because of the possibility that autologous donors might be sicker than allogeneic donors, we calculated the unadjusted hazard ratio (HR 0.9, 95%CI 0.4-1.9) for autologous donors and found that donation type was not significantly associated with death. Inclusion of a donation type variable did not have a significant effect on the results of our adjusted model.
Because of the mortality risk inherent in IDU and the wellestablished association between IDU and HTLV-II even in blood donors [13] [14] [15] , we assessed IDU status as a potential confounding variable. One percent of both the uninfected subjects and those with HTLV-I reported a lifetime history of IDU, compared to 20% of those with HTLV-II infection. Although IDU was a significant predictor of mortality in the unadjusted model (OR = 3.5, 95% CI 1.5-8.0), the adjusted model indicated that a lifetime history of IDU was not significantly associated with mortality (HR 2.0, 95%CI 0.7 -6.3). Because of the high prevalence of HCV co-infection in our HTLV-II group presumably due to past IDU (see Table 1 ), we considered HCV infec-tion as a potential explanation for the increased mortality rate we found among those with HTLV-II. Among the 45 deaths, six (13%) were HCV positive; all of the subjects with missing HCV data (n = 53; 4.2% of the entire cohort) were alive at the time of our analysis. HCV infection was not associated with mortality in our adjusted model (HR = 1.1, 95% CI, 0.4 -3.5).
We examined race as a potential confounder because of the recognized association between Black race and increased mortality and minor imbalances in race by HTLV status. Black race was significantly associated with death (adjusted HR 2.2, 95%CI 1.2-4.1). Alcohol intake was the only other factor significantly associated with mortality (p = 0.0069). Subjects who did not provide information on their quantity of alcohol consumption had significantly higher mortality than those with moderate alcohol consumption (HR = 3.5, 95% CI 1.4-8.9).
Our calculations of standardized mortality rates and ratios demonstrated that the age-adjusted mortality rate of our HTLV seronegative control donors was half that of the general population (mortality rate = 354 per 100,000 person-years, SMR = 0.6, 95% CI 0.3-0.9). Although both the HTLV-I and -II infected former blood donors had almost twice the mortality of the HTLV seronegative donors enrolled and followed as an internal control group (rates = 727 and 545 per 100,000 person years, respectively), their standardized mortality ratios (SMR = 0.9, 95% CI 0.4-1.7 and SMR = 0.9, 95% CI 0.6-1.5, respectively) were not significantly different from those of the general U.S. population in the year 2000.
Discussion
We found that HTLV-II increased the risk of death in infected blood donors relative to uninfected blood donors, while HTLV-I infection had an adverse, but not statistically significant, effect on mortality. No particular cause of death was increased among the HTLV-II group, although numbers were small in all cause of death categories. The association of HTLV-II with increased mortality persisted after adjustment for multiple potential confounding factors, including race, socioeconomic status, alcohol intake, cigarette smoking, HCV infection and IDU. Although an etiologic basis for the mortality excess cannot be identified from current information, the pathogenic effects of chronic HTLV infection include tax protein toxicity and HTLV-induced autoimmune responses.
The HTLV-II association with increased mortality was robust after consideration of bias or confounding by cov-ariates that were not balanced between the groups in this observational prospective cohort study. Black race and alcohol intake were significantly associated with mortality, and there was a strong trend toward an effect by lifetime IDU, all plausible associations, which diminished but did not nullify the HTLV-II effect in our multivariate model. Nor did three other potential confounders, namely educational attainment, HCV infection and autologous blood donation have an effect on mortality. The groups were initially stratified by donation status because autologous blood donors are a less healthy group than allogeneic donors, with increased prevalence of several infectious disease markers. Although HTLV-II subjects had lower educational attainment compared to seronegatives, this imbalance did not outweigh HTLV-II effects in this or previous analyses of this cohort [4, 5] . Finally, the prevalence of HCV infection was increased in the HTLV-II group. Although some hospital-based studies suggest that HCV frequently causes end-stage cirrhosis and hepatoma, prospective studies of otherwise healthy HCV seropositives have not demonstrated increased overall mortality [16, 17] .
There have been very few publications examining the effect of HTLV-II on mortality [10] [11] [12] , and all but one of these [12] analyzed only HTLV-II/ HIV co-infection. None found a significant effect of HTLV-II on either the course of HIV disease or death. Goedert et al. [12] examined HTLV-II among IDUs with and without HIV co-infection, comparing mortality rates in these groups to that found in uninfected IDUs and in the general population. They found that IDU itself, in the absence of retroviral infection, was associated with a mortality rate over five times that of the general population. While this rate was further increased in the presence of HIV, these authors found no What could explain the discrepancies between our estimates of the effects of IDU and HTLV-II infection, and those of studies such as Goedert et al? We believe that the answer lies in a difference in study populations. Goedert et al. studied current and chronic IDU, a population subject to high levels of competing mortality. Despite predonation screening intended to exclude IDU, blood donors who are deferred due to the discovery of a bloodborne viral infection often reveal a past history of injection drug use in subsequent interviews [15, 18] . We also believe that only one percent of our subjects were still actively injecting drugs because blood donors with IDU experience tend to have remote and limited injecting histories [15] . The dramatic mortality risk conveyed by IDU in the Goedert et al. cohort is likely due to long-term and ongoing IDU in the population studied. Although not, to our knowledge, proven, it seems reasonable to surmise that, once IDU behavior ceases, the risk that stems from it recedes toward the individual's baseline risk, perhaps explaining why we saw a small and non-significant effect of IDU on mortality. Finally, competing mortality due to the large effects of IDU and/or HIV may have obscured the relatively small effect of HTLV-II in the Goedert et al. cohort. Conversely, since we had less active IDU and no HIV co-infection in our cohort, we were able to detect the weaker association between HTLV-II and mortality.
HTLV-I was the first virus shown to cause cancer in humans [19] . In addition, there is a well-established relationship between the virus and HAM/TSP, a chronic degenerative neurologic disease, as well as a smaller body of literature asserting the association between HTLV-I and a number of autoimmune conditions [20, 21] . Several studies have also found an association between HTLV-I and mortality [6] [7] [8] . Although the increased mortality in our HTLV-I group was not statistically significant, these other studies provide inferential support for our significant association between HTLV-II and mortality. We recognize however that the existing literature on HTLV-I and mortality is scant, and methodological problems and unusual study populations make generalization particularly difficult.
Proven links between HTLV-I, T-cell malignancy, and the neurological disorder HAM/TSP involve putative pathogenetic mechanisms that may also be relevant to our mortality findings. One hypothetical mechanism of pathogenicity is via direct effects of the HTLV-I tax viral protein leading to either lymphocytic proliferation or neurotoxicity [22, 23] . Our own and other reports of high proviral loads in most HTLV-I HAM/TSP patients support this hypothesis [24] [25] [26] . A recent study has also linked higher HTLV-I proviral load with mortality [27] . Another hypothesis proposes that HTLV-I, and presumably HTLV-II as well, causes an autoimmune phenomenon reflecting an HTLV virus-induced host response against host antigens in the central nervous system and other tissues [22] . 
Variable
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This autoimmune response underlies the incidence of HAM/TSP, as well as arthritis, uveitis and polymyositis, in a minority of persons with HTLV-I or -II. However, as the dead included no HAM/TSP patients and only one ATL patient, and no other predominant cause of death emerged, the relevance of HTLV tax protein toxicity or virus-induced immune response to mortality remains speculative.
A major strength of our study is the absence of subjects with HIV and low numbers of those with active IDU, thus eliminating competing conditions with large impacts on mortality, which could have obscured the more subtle effect of HTLV. We excluded subjects without baseline questionnaire or exam and there was stratified enrollment of our HTLV and seronegative subjects on age, sex, race, blood center and donation type to improve comparability of the groups. Our analysis controlled for other potential confounders such as socioeconomic status and IDU. Finally, we used a prospective study design, our follow-up time was long and our ascertainment of deaths was active and complete in contrast to studies which relied upon death registries.
On the other hand, weaknesses of the study include the unusually healthy nature of the uninfected blood donor control population, which may have caused an overestimation of the effect of HTLV on mortality. In designing the study, we considered and rejected using population controls because our blood donor sampling frame was the same for both HTLV and seronegative donors. We still believe that comparison to the general population, as shown in our SMR calculations presented above, is not a priori more valid than our use of the internal blood donor control group. Finally, this was an observational and not a randomized study, so unrecognized confounding either by socioeconomic status, for which we attempted to control, or by other variables for which we could not control, may have biased our estimate of the HTLV-II effect on mortality.
Conclusion
We have demonstrated a significant, independent association between HTLV-II and increased mortality among healthy blood donors. This finding requires replication in other prospective studies of HTLV-II, preferably without HIV or IDU, and in a population other than blood donors. A prospective cohort study among HTLV-II endemic Amerindians would be the ideal setting. Nevertheless, the majority of HTLV infections in the United States are diagnosed in the setting of blood donation. If confirmed, the results of this study will enable us to better inform HTLV infected blood donors of the long-term implications of their infections. These findings may also stimulate further investigation into the causes of death among HTLV-infected persons, and into the pathogenic mechanisms which may underlie increased mortality.
Methods

Subjects and study design
This was a prospective cohort study. Blood centers in five United States regions (Baltimore/Washington, Detroit, Oklahoma City, San Francisco, and Los Angeles) participated in HOST (see Appendix). We asked several non-HOST blood centers to refer HTLV seropositive patients to the study to increase the sample of infected donors. Study personnel contacted all donors with confirmed HTLV serology since the initiation of HTLV-I testing in 1988 through July 1992 and offered enrollment in a general health study of HTLV-I and HTLV-II. We selected HTLVseronegative controls from among all those persons who donated blood at the five HOST blood centers between 1988 and July 1992. The study design called for an HTLV negative-to-positive matching ratio of 2:1 within each stratum based on age, sex, race/ethnicity, blood center, and type of blood donation (allogeneic, autologous, or directed). All subjects were HIV-seronegative at baseline. The human subjects committees of the American Red Cross, the Oklahoma Blood Institute, and the University of California, San Francisco approved the study protocol.
Subjects were enrolled in the study based upon HTLV-I or -II seropositivity as measured by licensed enzyme immunoassay screening and supplemental testing at the participating blood centers. Additional confirmatory testing and HTLV-I versus HTLV-II typing consisted of a combination of serologic and polymerase chain reaction (PCR) assays as previously reported by Busch et al [28] . Subjects were followed biannually through the fifth study visit in February 2000 through July 2001 with assessments and examinations. If a subject did not respond to routine contact attempts, we searched credit bureau records, U.S. Postal Service change of address files, and other internet resources. Eventually, if tracing attempts by study staff were unsuccessful, a professional tracing specialist was assigned to the subject. Forty-one of 45 (91%) subject deaths and cause of death were confirmed by death certificate, the remainder were confirmed by the Social Security Death Index and/or discussion with family members. Causes of death were grouped into eleven categories (accidental/trauma, cancer, cardiac, cerebrovascular, diabetes, drug related, hepatic, infectious, pulmonary (non-infectious), other and unknown). These categories did not overlap.
Statistical analysis
Mortality rates were calculated separately for HTLV-I and HTLV-II infected donors and HTLV negative donors. For each group, the mortality rate was calculated as the number of deaths per 100,000 person-years of observa-tion. To determine how the mortality within the cohort compared with the U.S. population as a whole, we computed a standardized mortality ratio (SMR) for each HTLV group using age-specific mortality rates for the U.S. population [29] . For each HTLV group and seronegatives, the age-specific mortality rates were applied to person years of follow-up accrued within each age category to calculate the expected age specific deaths, which were then summed across age categories to obtain the expected number of deaths in each group. Within each HTLV and seronegative group, we then calculated the SMR as the actual number of deaths divided by the expected number of deaths. Confidence intervals (CI) for SMRs were computed assuming a Poisson distribution.
The probability of survival in the HTLV-I, HTLV-II, and HTLV negative groups was calculated using the Kaplan-Meier method. For the analysis of predictors of mortality, we used Cox proportional hazard models to obtain hazard ratios (HR) for each HTLV group compared to the HTLV negative group and for other cavariates, in both unadjusted and adjusted analyses. Unadjusted hazard ratios were derived from models including only the variable and age. The adjusted hazard ratios were determined using a backward-selection procedure. Death was the dependent variable, HTLV status was the primary independent variable, and the following 11 variables were the potential covariates: age, gender, race, education, income, blood center, donation type, hepatitis C virus (HCV) infection status, IDU, alcohol intake and smoking history. Initially, we entered HTLV status and all 11 covariates into the model. Variables were then sequentially removed, starting with the least statistically significant. We forced four covariates (gender, donation type, IDU, and HCV) into the final model because of their reported association with mortality, although they were not statistically significant in our adjusted model.
